Background: The conventional activated sludge processes are not able to completely treat the nitrogen and phosphorus compounds of meat processing wastewaters. Microalgal biofilm, which has the advantages of easiness and inexpensiveness, can be applied as a post-treatment method. Methods: The optimal levels of micronutrients and N/P ratio were aimed in the cultivation of Scenedesmus quadricauda as a biofilm formed on the two types of commercially available bed packing. For this purpose, the Factorial design was run to maximize the removal of ammonium, nitrate and phosphate concentration in the synthetic meat processing wastewater. Results: Experimental data showed better results for the removal of biofilm formed on the sponge filter. In addition, a maximum removal efficiency of 55.6%, 47% and 48.% was respectively achieved for ammonium, nitrate and phosphate at optimal N/P ratio of 10.5 and volumetric percentage of 50% of micronutrients.
Introduction
Common wastewater treatment systems, known as conventional activated sludge processes, are not sufficiently effective in complete removal of some nutrients such as nitrogen and phosphorus compounds (1) (2) (3) (4) . Additional cost of the post-treatments caused release of some enriched effluents without proper treatment which in turn led to the environmental problems (1, 2, 4) . Biological treatment processes have been introduced as an alternative for their low cost and high efficiency. Nitrogen compounds can be converted through nitrification/ denitrification processes which have some disadvantages: additional demand of oxygen and carbon sources, N loss in gaseous form, toxic side products (NO/N 2 O), etc (5) . Phosphorus compounds can be accumulated by polyphosphate accumulating organisms (PAOs) which have the disadvantages of disposal of sludge residues and unstable removal efficiencies (5) . Cultivation of microalgae is rising up in the removal process of nutrient compounds with advantages of nutrient recovery, valuable biomass production, inexpensive oxygenation and heavy metals adsorption (5) . However, most of the single cell microalgae are accompanied by the problems of separation in downstream processes in which 20%-30% of the total cost of the process accounts for the biomass separation. Algal immobilization techniques can be used as alternatives to reduce the process costs and separation problems (1) (2) (3) . Numerous studies have been conducted on the removal of nutrient compounds from wastewater using immobilized microalgae; in addition, the effects of various factors have been investigated in recent years (2, (6) (7) (8) (9) . Optimization of the nitrogen to phosphorus (N/P) ratio in the wastewater seems to be of great importance to increase the efficiency of compounds removal. Guzzon et al used a photosynthetic biofilm, taken from a sedimentation tank, to remove phosphorus from the wastewater of Rome airport, and modified N/P ratio up to 15 by adding nitrate and phosphate to the wastewater (10). Boelee et al also assessed the removal capability of nutrient compounds from synthetic urban wastewater in post-treatment process using microalgal biofilms. Although micronutrients of WC medium were used in this study, but the effects of using these compounds in the microalgal treatment were not investigated (2) . The effect of nutritional components on the growth of microalgae was investigated previously (11, 12) , but to our knowledge, no research has been conducted to investigate nutritional components as the variables in the wastewater treatment. The present study was conducted for the first time with the aim of determining the optimal levels of two factors of the micronutrients and N/P ratio in the microalgal post-treatment of synthetic meat processing wastewater. For this purpose, two types of bed packing, which are commercially available, were used in this study. In addition, the effect of the beds was also compared in this study.
Methods
Microalgae, Scenedesmus quadricauda, was prepared (13) and cultured in Bold's Basal Medium (BBM) at temperature of 25°C, light of 3000 lux for approximately 10 days to prepare inoculum. It was then inoculated into two 6-L glass columns (with an internal radius of 9 cm and height of 100 cm, at 25°C, 3000 lux and 16:8 photoperiod) to reach an approximate density of 3×10 7 (3, 14) . Then, two types of bed packing (Yellow Sponge Filter and High Friction Grooved Rasching Ring Packing [HFGRRP]) were added to the middle section of each column so that the microalgal biofilm was formed on their specific surface area under a laminar flow ( Figure 1) (2, 3, 14) . Bed packings characteristics are presented in Table 1 . The synthetic wastewater that was prepared equivalent to the major compounds of an industrial meat processing unit and used in the experiments, containing (analytical grade): magnesium sulfate (73.93 mg/L), sodium nitrate (21.934 mg/L), sodium carbonate (73.42 mg/L), ammonium chloride (68.3 mg/L), potassium dihydrogen phosphate (0.34 mg/L), dipotassium hydrogen phosphate (0.226 mg/L). Organic carbon was not used in the preparation of the synthetic wastewater in order to limit the bacterial growth (2) . Experiments were designed by the factorial design method with three factors: Micro-elements of BBM culture medium (13) , N/P ratio, and changes in the type of bed packing (both with the same volume) with two central points. The levels of these factors are shown in Table 2 . The bed packings covered with microalgal biofilm were transferred to the flasks (3). Then, the performance of the biofilm of Scenedesmus was assessed in the synthetic meat processing wastewater at different levels of the factors to determine the maximum removal efficiency by Minitab software (version 14). During the removal process, the concentration of nutrient compounds (ammonium, nitrate and phosphate) was measured by standard water and wastewater analysis (4500-NH 3 C, 4500-NO 3 -B, 4500-P D, respectively) (15) . Furthermore, parameters of pH, total dissolved solids (TDS), and electrical conductivity (EC) were measured in several days. Then, the mean of three replicates was used in the Factorial design.
Results
Variations of the three variables of ammonium, nitrate and phosphate concentrations during the growth of microalgal biofilm of S. quadricauda formed on the PB are presented in Figure 2 . These results were obtained based on the combination of experimental design of the two factors of the N/P ratio and the volumetric percentage of nutrient compounds in the synthetic wastewater. As shown in Figure 2 , ammonium was gradually declined during the removal process, however, nitrate was slightly decreased in the first few days. Phosphate removal also had a declining trend during the experiments (Figure 2) . The removal efficiency of nitrate and ammonium in PB varied between 20% and 55%, and its highest rate was measured at N/P ratio of 10.5 and BBM micronutrient solution in the volumetric percentage of 50%, which was obtained 55% and 47%, respectively. The maximum removal efficiency of phosphate was obtained at a lower N/P ratio, so that in the presence of BBM micronutrient solution and the N/P ratio of 7, about 62% of the initial phosphate was decreased after 20 days. The effects of the variables on microalgal biofilm of S. quadricauda formed on the SF bed were investigated in a synthetic wastewater; the results of wastewater removal are illustrated in Figure 3 . In comparison with the previous graph, it can be seen that the trends are similar, so that the highest removal efficiency of nitrate and ammonium obtained in the same condition, was 55.6% and 47%, respectively. At a lower N/P ratio, the phosphate removal process had a better condition, so that the maximum removal efficiency obtained in the presence of micronutrient solution and at N/P ratio of 7, was 66.6%, while at the center point of experimental design, phosphate removal efficiency was 48.4% ( Figure 3 ). Figure 4 shows the optimal points (presented in red color) and desirability (presented as "d") for the simultaneous removal of all three compounds. The values obtained for the removal efficiencies (presented in blue color as "y"), were adjusted in the software. The software reported the N/P ratio of 10.5, BBM micronutrient solution in the volumetric percentage of 50% and SF as the optimum condition ( Figure 4 ). Figure 5 shows the trends of EC and TDS in the treated wastewater by Scenedesmus grown on PB and SF. The experimental data showed a maximum reduction of 64% by PB and 77% by SF in TDS as a result of the treatment process ( Figure 5 ).
Discussion
The biological removal trends of ammonium and nitrate were the same in both beds, so that the concentration of nitrate in the first 8 days had an approximate slight reduction, however, the microalgal removal rate then increased by more than 80%, while the removal rate of ammonium decreased during the first days. This can be due to the preferred form of nitrogen source in S. quadricauda (16) . In a study carried out on this strain, unlike ammonium, variations of nitrate concentration were low in the first 7 days (17). In another study, no significant changes were observed in nitrate concentration during the first 5 days (18) . In the present study, nitrate concentration had also little changes after 8 days.
In addition, the micronutrient solution had a positive effect on the biological treatment. This can be due to the higher production rate of chlorophyll in the presence of BBM micronutrient solution (12, 19) . In a study conducted on S. quadricauda, the maximum removal of nitrogen source was observed in the presence of a BBM micronutrient solution (20) .
Variations of the N/P ratio were the same in both sources of nitrogen, which was also observed in other studies (21) , because despite the priority of the use of ammonium source, both sources were finally eliminated with the approximate same value. In addition, in both beds, the optimum removal rate for ammonium and nitrate was at the N/P ratio of 10.5 and in the presence of micronutrient solution. One of the reasons for the importance of this ratio and its effect on the growth and removal of nitrogen and phosphorus sources is the effect of this parameter on the production of chlorophyll. This was reported in a study that the maximum chlorophyll was produced at N/P ratios between 10 and 12 (22) . In another report, the maximum removal of TN and biomass production was measured at N/P ratio of 10, in addition, TN removal was significantly reduced at N/P ratio of 15 (23) . In a report by Zhang et al, S quadricauda which was immobilized on calcium alginate, was exploited to treat urban wastewater, with the optimal N/P ratio of 10 for ammonium removal (4). In another study on urban wastewater treatment using S. quadricauda, the rate of biomass production and biological removal of TN increased and then decreased by increasing the N/P ratio to 10, so that the rate of biomass production at the ratio of 10 was 2.9 g/L/d, which decreased to 1.9 g/L/d by doubling the N/P ratio. Like phosphate removal rate in the present study, the maximum removal of TP was obtained at N/P ratio of less than 10, and with increasing this ratio, the phosphate removal rate was decreased (24) . In another study conducted on the biofilms, the removal percentage for phosphate reached from 45% to 100% with increasing its concentration from 0.9 to 1.55 mg/L (2). In the present study, the maximum removal levels of ammonium and nitrate were obtained at N/P ratio of 10 with an initial concentration of 21.2 mg/L and 40 mg/L, respectively, in both beds. On the other hand, the removal rate increased by increasing the amount of phosphate in the growth medium of both beds, so that the maximum removal efficiency of phosphate was measured at N/P ratio of 7. This is due to the increased phosphate absorption with an increase in its concentration (2) . After 20 days of culture in the two beds under optimal conditions, the removal efficiency of nitrate in the PB and SF beds was 55 and 56%, respectively. In addition, the ammonium removal efficiency in the two beds was 47.3 and 47%, respectively. This indicates that changing the type of beds had less effect on the results compared to the other factors. Nevertheless, the removal efficiency of phosphate in the SF bed was better under optimal conditions, as the removal efficiency was 66.6 and 61.9% for the SF and PB, respectively. This is due to the high surface area of the SF compared to the PB. Hence, the nutrient uptake increases by increasing the specific surface area (9), while low diffusion rate of the nutrient compounds into the biofilm and incomplete ammonium removal can be effective in the reduction of assimilations rates through the biofilm (2, 14) . In the present study, the maximum rate of removal for phosphate, ammonium, and nitrate in It can be observed that the use of minerals by microalgae leads to a decrease in EC and TDS according to Figure  5 . This could be an indication of ammonium, nitrate and phosphate removal by S. quadricauda microalgae.
Conclusion
The present study showed the ability of microalgal biofilms in the post-treatment of synthetic meat processing wastewater. A maximum removal efficiency of 47% for ammonium, 55% for nitrate and 66% for phosphate was achieved during the experiments. However, as the results reveal that inadequate phosphorus and nutritional components can significantly affect the removal efficiencies, therefore, an optimization is needed for increasing the effectiveness of microalgae-based wastewater treatment. 
